Accommodation or convergence between speakers has been shown to occur on a variety of levels of linguistic structure. Phonetic convergence appears to be a very variable phenomenon in conversation, with social roles strongly influencing who accommodates to whom. Since phonetic convergence appears to be strongly under speaker control, it is unclear whether speakers might converge phonetically in a laboratory setting. The current study investigates accommodation of pitch and duration features in data collected in a laboratory setting. While speakers in the study did not converge to spoken stimuli in terms of duration features, they did converge to an extent on pitch features. However, only some information-structure contexts led to convergence, suggesting that even in a laboratory setting, speakers are aware of the discourse implications of their production.
Introduction
Recently the question of accommodation or convergence between speakers in a conversation has been receiving an increased amount of attention. Convergence has been shown to occur on the levels of syntax and semantic structure (e.g. [1] , [2] , [3] ) as well as in the phonetic characteristics of spoken turns (e.g. [4] , [5] , [6] ). However, these different types of convergence appear to behave differently, and have led to different theories about the mechanisms underlying convergence.
Syntactic and semantic structures have been demonstrated to prime structures occurring later in a conversation; for example, the order of the direct and indirect objects in English sentences can be influenced by hearing previous sentences with one or the other construction (cf. [3] , inter alia). On the basis of these results, [3] propose that convergence on different levels of linguistic structure is a result of automatic priming effects; that is, conversational participants unconsciously use the same structures because these structures have already been activated. Their Interactive Alignment Model assumes that it is not parsimonious for speakers and listeners to maintain multiple representations of concepts, and that automatic priming processes simplify communication by keeping the number of active representations to a minimum. In this model, conversational participants have control over their convergence behaviors only insofar as they may make a decision about whether an interlocutor is someone that they wish to align with or not; if the social conditions are propitious, accommodation will necessarily occur.
These findings may be contrasted with those of [4] and others on phonetic, and particularly prosodic, accommodation. Accommodation on this level appears to be a much more variable phenomenon, with social roles influencing who accommodates to whom, and to what degree. Even when listeners are specifically asked to mimic what they hear, as in studies by [7] , [8] , and [9] , what they specifically choose to mimic can vary, and may be different based on the time frame of imitation; for example, shadowing tasks may lead to more direct phonetic imitation than more delayed mimicry or conversational convergence ( [8] ). The results of studies on phonetic and prosodic mimicry are not in line with a mechanistic model such as that proposed by [3] , but are more congruent with Accommodation Theory ( [10] , [11] ), which proposes that convergence in conversation is strongly under the control of conversational participants, can be mediated by speaker or listener expectations, and does not necessarily have to involve complete matching. Furthermore, [5] , [6] , [7] , [12] and [13] report that phonetic accommodation is not simply a linear process, but that it occurs dynamically over the course of conversations. In particular, [4] , [7] and [14] point out that one possible reason for the variation in degree of prosodic convergence is the degree to which conversational participants are involved in or attentive to the conversation. [15] find that convergence in accommodation rate is correlated with participants' ratings of their interlocutor's likeability. Furthermore, [16] , [17] , and [4] report gender differences in accommodation, with speakers, especially female speakers, more likely to converge to male interlocutors than vice-versa.
Research into convergence is primarily conducted (with good reason) on spontaneous, conversational speech. Experimental investigations of similar phenomena are primarily psycholinguistic investigations of priming, as reported by [1] , [2] , and [3] inter alia. However, phonetic convergence may also be of relevance in phonetic production studies, especially when stimuli are presented auditorily instead of (or in addition to) visually. Since phonetic convergence appears to be less automatic than syntactic convergence, it is unclear to what degree production experiment participants might converge to stimuli that they hear. However, the degree to which they converge could be important in the interpretation of production data, since in such studies the researcher needs to be able to account for sources of variation in the data beyond that resulting from the different experimental conditions. Thus, the current study investigates the degree to which speakers in a production experiment (unrelated to the topic of convergence) accommodate to the phonetic features of auditorily-presented stimuli.
Methodology

Data
The data analyzed in this study were collected as part of a larger project on the realization of Contrastive Topics (CTs) in firstand second-language speakers ( [18] ). The current subset of data comprises recordings of 15 native speakers of Southern German producing utterances with three different CT types. The three conditions can be summarized as follows (for more detail, see [18] , [19] ):
• Context-preserving: Question requires a multi-part answer
• Context-changing, move-insertion: Question expects a single-part answer, but response is multi-part, indicating that the question was somehow insufficient
• Context-changing, strategy shift: Question expects a single-part answer, but response answers a different question, which should provide the requested information by means of a pragmatic inference
Participants read aloud sentences in response to stimuli questions which were presented both visually on a computer screen and auditorily through speakers; target and distractor utterances were presented in a semi-randomized order. Each participant produced a total of 24 target utterances, 8 each in the three different CT conditions, which are used in the current analysis. The prosodic characteristics of the participants' target utterances are compared with those of the stimuli recordings, which were produced by a female native speaker of Southern German.
Prosodic Labelling
The data were automatically aligned to labels using [20] 's aligner. The segmentations were then visually inspected and hand-corrected when necessary. For the fundamental frequency (F0) analysis, two pitch points were hand-labeled on the basis of visual inspection in Praat ( [21] ). For all files, the lowest reasonable F0 valley (excluding microprosody and creak) was labeled as Low (L), and the highest reasonable non-final F0 peak was labeled as High (H). Final H boundary tones (i.e. H%) are not included as part of the pitch range, since [22] provides evidence that listeners do not take boundary tone height into consideration when calculating the value of pitch range of a turn. Three prosodic features are addressed in the current study. The first is the height of the highest non-final F0 peak in the utterance, measured in semitones (st) in order to normalize across speakers. The second prosodic feature is the pitch range of the utterance, also measured in st. The third prosodic feature measured is speech rate, in syllables per second. Any silent intervals in the utterances are ignored in this calculation. All values were extracted automatically using a Praat script; measurement errors such as octave errors were hand-corrected.
Hypotheses
Depending on the extent to which speakers in the study converge to the production of the auditory stimuli, several conditions are possible. Note that not all of these hypotheses are necessarily mutually exclusive, and that interactions among several sources of variation are likely.
Hypothesis set 1: Influence of convergence
a. Participants will produce relatively higher F0 peaks in response to stimuli with relatively higher F0 peaks b. Participants will produce relatively wider F0 spans in response to stimuli with relatively wider F0 spans c. Participants will produce a relatively faster speech rate in response to stimuli with a relatively faster speech rate d. Participants' productions will resemble stimulus productions to a greater degree later in the experiment than earlier 
Results
Hypotheses were tested with linear mixed models in R ( [23] ) using the package lme4 ( [24] ). All p-values were calculated using the R package lmerTest ( [25] ), testing at α = .05.
Pitch
Figure 1: Plot of absolute value of difference between stimulus peak height and participant peak height for each CT type. The x-axis represents order of presentation for the eight stimuli within each CT category.
Pitch peak height
The statistical model gives evidence that speaker convergence with the spoken stimuli interacts with the CT category of the item they were producing; while the main effect for pitch peak height actually appears to slightly diverge from the stimulus peak height, there is convergence in Strategy Shift items, which improves in relation to the presentation order (i.e. higher convergence later in the experiment); this is illustrated in Figure 1 . Statistics are reported in Table 1 . Although participant gender also played a role in predicting pitch peak height, there was no interaction between participant gender and stimulus peak height or CT category of the item, indicating that male and female speakers did not show different convergence patterns.
Pitch range
Unlike in the case of pitch peak height, speakers did not appear to differentiate the CT categories using pitch range. There was also no evidence of convergence in pitch range to the stimulus pitch range, despite the fact that participants modified their peak heights.
Speech Rate
Participants did not appear to converge with the stimulus speaker in terms of speech rate. However, they did modify their speech rate production on the basis of the CT categories, with speech rate being relatively slower in Context-Preserving CTs than in the two Context-Changing CT types, as shown in Figure 2; although there was substantial overlap in the categories' speech rates, a linear mixed model indicates that the differences between the means are nonetheless significant, cf. Table 2 . Although a random intercept for speaker improves the model, random slopes did not, indicating that participant behavior followed more or less the same pattern in all cases. 
Discussion
The current study investigated factors influencing the prosodic production of sentences in a lab setting, with a specific eye to identifying whether experiment participants might converge to the prosodic production of auditory stimuli. The results in relation to the hypotheses presented in section 2.3 are somewhat mixed.
With regards to the hypotheses about convergence, hypotheses 1a and 1d were partially confirmed, while hypotheses 1b and 1c were not supported; in the Strategy Shift CT context, participants' pitch peaks converged with the pitch peaks of the stimuli, with the differences between the peak heights reducing over the course of the stimulus presentation. With regards to the hypotheses about information structure, while an effect was found for speech rate in the Strategy Shift category, it was in the opposite direction to that predicted by hypothesis 2a; that is, Strategy Shifts were produced with an overall faster rate than the other CT turns. The results are difficult to interpret in terms of hypothesis 2b, since there was an interaction with convergence, but it is at least clear that while 2b may be true in terms of peak height in Strategy Shifts, it is not the case in MoveInsertion contexts. Finally, with regards to the hypotheses about individual differences, hypotheses 3a gains some support from the fact that the random factors for speaker were significant in the statistical models, but hypothesis 3b is not supported, since gender only became relevant in terms of absolute pitch differences between stimuli and participants.
Interpreting the speech rate results
Possibly the most surprising finding in the current study was the increased, rather than decreased, speech rate for Strategy Shift CTs. Although this prediction was based on a native speaker's intuition, it also had grounds in literature about topic changes, which indicate that slower speech rate is associated with newtopic utterances ( [26] , [27] ). Although CTs need not lead to a topic change, they could be used to achieve such topic changes in conversation, particularly a stepwise topic change (cf. [28] ) in which the topic change is accomplished by using an alreadypresent conversational referent as a kind of pivot around which to move from one topic to a new one. However, in the current study, participants did not have to continue speaking after producing their CT utterances, and they may therefore have not treated them as new-topic beginnings.
One possible confounding factor in the measurement of the speech rate was that Context Preserving and Move Insertion contexts were generally produced with two intonational phrases, while Strategy Shifts tended to have only one intonational phrase, which was longer than the individual intonational phrases in the first two contexts, but shorter than the full durations in those contexts. To an extent, the fact that both the Move Insertions and Strategy Shifts were produced with a faster speech rate than the Context Preserving CTs argues against this finding being solely a result of the intonational phrasing. Nonetheless, several methods of addressing speech rate variation due to phrase length were attempted in the statistical modeling phase, but none achieved substantially different results than those reported above using the full syllable count for each item. A visual inspection of all of the data with speech rate plotted against syllable duration suggests that some speakers modified their speech rate to be faster with longer stimuli, while other speakers did not. Thus the non-modifying speakers may have cancelled out the effect in the statistical model. More analysis is required to determine whether this is in fact the case.
Does this convergence matter?
The effects reported here for convergence to the experimental stimuli are fairly small. However, they are worth drawing attention to from the point of view of considering the degree to which participants are attentive to and engaged in the linguistic task at hand. The question of participant attentiveness in experimental settings is often raised in considering the quality and generalizability of experimental results. Recently, work by [29] , [30] , and [31] , among others, has raised the issue of the degree to which inattentive participants' responses can skew results. They suggest that up to 46% of survey responses are affected by inattention, although they point out that this number may differ when experiments are carried out in a laboratory ( [31] ).
A common criticism of laboratory data in phonetics and phonology is that participants may not produce speech in real life in the same way that they produce it in the lab. One reason for this is that the laboratory setting is considered artificial, and thus participants do not condition their language use to any social demands-or at least not the same social demands that would arise in conversation. However, the effect of convergence reported here suggests that this is not entirely true. [32] report that conversational participants are more likely to match their prosody across contrastive forms in a conversation when they are attempting to minimize or disguise some kind of potential disjunction. The Strategy Shift CTs are such a case of possible disjunction, where a question is answered indirectly at best. By converging prosodically in this CT context, the participants can thus be interpreted to be attentive at least to some extent to the social implications of such a construction, even within the laboratory setting. Although the convergence in this case was fairly minimal, the entire recording procedure for each participant only lasted about 20 minutes, and there were also only eight stimuli per participant in the Strategy Shift context; a longer experiment with more stimuli in this condition might attain a greater degree of phonetic convergence.
Influence of laboratory context
Speech researchers in more interaction-oriented fields may be tempted to dismiss laboratory data as lacking context, while researchers using laboratory data may dismiss spontaneous speech as too messy. Instead, the results of the current analysis can offer a third perspective: that different aspects of speech production are prioritized in different contexts. Stronger effects of convergence would no doubt be found in a more spontaneous setting, but this should not mean that we assume that no formal structure underlies that speech. Similarly, stronger formal effects of the discourse structure may be found in laboratory speech, but as we have seen in the current data, this does not mean that the interactive features are completely eliminated. Thus a balanced approach to prosody research requires both kinds of data in order to gain a more well-rounded view of the phenomena in question.
Conclusions
This study reports on the effects of prosodic convergence with spoken stimuli in a laboratory setting, finding a modest effect of such convergence in interaction with other discourse-structural factors influencing the prosodic production of such turns. It thus provides evidence that even in laboratory settings, speakers can and do take social or interactive context into account in their productions. Thus phonetic investigations cannot simply assume that laboratory data is free from the influence of such context, even though its effects may be different. Instead, more effort should be made to identify and quantify such effects in order to improve our ability to correctly interpret our data.
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